Objective C-reactive protein (CRP) has previously been shown to serve as a prognostic parameter in women with gynecologic malignancies. Due to the lack of valid prognostic markers for uterine leiomyosarcoma (ULMS) this study set out to investigate the value of pre-treatment CRP serum levels as prognostic parameter.
Introduction
Uterine leiomyosarcoma (ULMS) reflect the most common type of uterine sarcomas [1] . While the incidence of uterine sarcomas is slowly rising [2] , ULMS still is a rare uterine malignancy with an incidence of 3-7 per 100,000 [3] and thus has orphan disease status in the national institute of healths' list of orphan diseases and in orphanet. ULMS is a tumor of aggressive behaviour and associated with a high mortality rate [1] .
Especially in rare and aggressive cancer types, such as ULMS, reliable prognostic parameters are of particular interest. Studies investigating clinical prognostic parameters such as tumor stage or histological grade in patients with ULMS have shown inconsistent results. On the one hand a report from Kapp et al. showed an independent influence of tumor stage and histologic grade on survival whereas Hoang et al. did not describe an influence of tumor grade on patient's survival. Zivanovic et al. showed that FIGO stage does not perform well in terms of predicting overall survival (OS) in patients with ULMS [4] [5] [6] . C-reactive protein (CRP) is a readily available and cheap laboratory parameter, that is widely used in clinical routine as the most important acute phase serum protein to monitor infection. Besides being induced in the acute phase of inflammatory response, CRP has been shown to be elevated in patients with a variety of cancer types and an association with prognosis was found. In particular elevated CRP serum levels have been associated with impaired survival in patients suffering from gynaecologic malignancies including cervical, ovarian, and endometrial cancer [7] [8] [9] . In addition several studies investigated the clinical significance of CRP serum levels in soft tissue sarcoma [10] . Therefore, this study set out to evaluate whether pre-treatment CRP serum levels might be used as novel prognostic parameter in patients with ULMS.
Materials and Methods

Patients
A total of 53 patients suffering from ULMS, treated between 1996 and 2014 at one of the 3 study centres were enrolled in this study. Clinical data were obtained by chart review. Tumor grading was based on the new international Federation of Gynecology and Obstetrics (FIGO) classification system that was developed to comprise different variables including tumor size, extra uterine spread and invasion of abdominal tissues [11] . Primary tumor assessment was performed by magnetic resonance imagining (MRI) and/or computed tomography (CT) and clinical examination. Treatment consisted of surgery including hysterectomy, bilateral salpingo-oophorectomy, pelvic and/or paraaortic lymphadenectomy in presence of intraoperatively enlarged lymph nodes and surgical cytoreduction in women with extrauterine disease. Radiation therapy, adjuvant and/or palliative chemotherapy were applied, if clinically indicated. All patients were included to our follow-up care program. The follow-up program entails clinical examination and-if recurrent disease is suspected-imaging methods. In the program patients are seen every three to four months for the first three years, every six months up to year five and afterwards annually up to ten years. All patients consented to treatment according to institutional guidelines, and all patients had consented to anonymized assessments and analysis of data and outcome of therapy. The ethics committee of Medical University Vienna approved the study protocol before data collection was started (EK No. 1520/2012). All patient records were anonymized and de-identified prior to analysis. A physical examination by a specialist in internal medicine was performed and presence of infection was ruled out before study inclusion. All patients' data included in this study are presented in S1 Dataset.
CRP measurements
Blood samples for CRP serum level evaluation were obtained by peripheral venous puncture prior to treatment start. A commercially available immune-tubidimetric test (Olympus, CRP Latex, Olympus Life and Material Science Europe, Hamburg, Germany) was used for CRP serum level measurements. According to the manufacturer the assay covers a range from 0.5 to 17 mg/dL. Further, an intra-assay variability between 1.64 and 3.34% is claimed by the manufacturer. CRP serum levels of 0.5 mg/dL are defined as normal.
Statistical Analysis
Values are given as mean (standard deviation [SD] ). Students' T-tests and one-way Anova tests were applied to compare mean CRP serum levels and clinico-pathological findings. P-values of <0.05 were considered statistically significant. Survival probabilities were calculated by the product limit method of Kaplan and Meier. Differences between groups were tested using the log-rank test. The results were analysed for the endpoint of OS. Survival times of patients, that were still alive at the last follow up visit, were censored with the last follow-up date. Univariate and multivariable Cox regression models for OS were performed, comprising tumor stage (FIGO I vs. II-IV), histological grade (G1-G2 vs. G3), patients' age (< 48.6 vs. 48.6 years), tumor size (<5 vs. 5-10 vs. >10 cm) and median CRP serum levels (< 3.46 vs. 3.46 mg/dL). Statistical analysis was performed by use of the commercially available statistical software SPSS 22.0 for MAC (SPSS 22.0, IBM Inc., Armonk, NY).
Results
Patients' characteristics are given in Table 1 . Mean (SD) CRP serum levels in patients with ULMS were 3.46 (3.96) mg/dL. Interestingly, an association between median CRP serum levels and tumor size but not between median CRP and other clinico-pathological parameters was observed (Table 2) .
CRP serum levels, tumor stage, patients' age, tumor size and histological grading were analysed as prognostic parameters for OS by calculating univariate and multivariable survival analysis. Table 3 shows results of the univariate Kaplan-Meier analysis and the multivariable Cox regression model with respect to OS of patients with ULMS. In summary, CRP serum levels, tumor stage and histological grade, but not patients' age and tumor size were associated with impaired OS in univariate analysis. In multivariable analyses, only CRP serum levels and tumor stage proved to serve as independent prognostic parameters in patients with ULMS. Patients with high pre-treatment CRP serum levels showed impaired OS compared to patients with lower CRP serum levels translating to 5-year OS rates of 22.6% and 52.3% (p = 0.007), respectively. A Kaplan-Meier survival curve presenting the association between pre-therapeutic CRP serum levels and OS is shown in Fig 1. 
Discussion
This is the first report to describe an independent association of pre-treatment CRP serum levels-the most prominent biomarker of inflammation-and prognosis in women diagnosed with ULMS. Compared to low CRP serum levels, high CRP serum levels proved to be an independent prognostic parameter for shorter overall survival translating to significantly lower fiveyear OS rates in patients with ULMS. This effect was independent of currently clinically used prognostic factors such as FIGO stage and histological grade. Thus, pre-treatment CRP serum levels seem to provide additional prognostic information to established clinico-pathological parameters in patients with ULMS.
Our findings are in accordance with results from previously published studies. CRP serum levels have previously been shown to be useful in predicting outcome of patients with other gynecologic malignancies. A report from Hefler et al. showed that high pre-treatment CRP serum levels in patients with ovarian cancer were independently associated with significantly reduced OS [7] . In addition, another report showed that elevated pre-therapeutic CRP serum levels were associated with less favourable prognosis in patients with surgically treated endometrial cancer [9] . However, ULMS originates from smooth muscle cells while other gynaecologic cancers are predominantly of epithelial origin. Hence, ULMS are distinct from other gynaecologic malignancies in terms of response to chemotherapy, tumor biology and survival. ULMS are considered a subtype soft tissue sarcoma (STS). A report by Szkandera et al. showed significantly reduced OS in patients with STS and high pre-therapeutic CRP serum levels [12] . While these results are similar to our results, the data reported here are limited to ULMS. This is of major importance because the group of STS comprises more than 40 heterogeneous tumors with numerous histological subtypes [13, 14] . Throughout distinctive STS subtypes differences in terms of tumor behaviour, chemotherapy response and survival rates have been described [15, 16] .
Taken together, the cited reports postulated a wide range of hypothesises regarding the molecular basis of the association between elevated CRP serum levels, inflammation and tumor progression. Inflammation is a critical part of tumor progression and CRP seems to act not only as a biomarker for the process of inflammation and/or tumor progression but also represents a modulator of the immunological system. CRP, as a cytokine, was shown to play an important role in innate host defence and inflammation with various effects on cells and biological processes [17, 18] . At present, the complex molecular basis of the relationship between poor clinical outcome in patients with cancer and elevated CRP serum levels is not fully elucidated, and several possible explanations have been postulated. First, tumor progression may induce tissue inflammation leading to increased CRP serum levels [19] . Second, CRP could represent an indicator of an immune response of the host to tumor antigens or necrosis [20] . Third, the tumor microenvironment consists of cancer cells and inflammatory cells such as granolucytes and lymphocytes. These cells secrete pro-inflammatory cytokines including IL-6, that was shown to induce the production of CRP in hepatocytes. CRP itself seems to induce further inflammatory response and possibly leading to a self-sustaining circle of tumor progression and inflammatory response [17, 19, 21] . Furthermore, Rutkowski et al previously reported, that increased plasma levels of IL-6 occur in approximately 60% of STS patients. Similarly to the results of the current study, increased IL-6 levels-as an indicator for inflammatory response-were associated with poorer survival in patients with STS [22] .
In accordance with other trials [4] tumor stage had a strong influence on OS in univariate as well as multivariable analysis in this study. Finally, histologic grading was identified as significant prognostic parameter in univariate but not multivariable analysis of this study. This is in line with other studies regarding histological grade of ULMS [23] .
Interestingly, we observed an association of elevated CRP serum levels and tumor size but not with other investigated risk factors for ULMS. Regarding tumor size similar results were reported for patients with STS but not for gynaecologic malignancies [8, 9, 12] . It might be possible that sarcomas with a high tumor load induce higher CRP serum levels, than carcinoma of epithelial origin.
It is of particular interest that CRP serum levels were not associated with patients' age, since there is evidence that CRP serum levels are elevated in elderly patients compared to younger patients [24] . Interestingly, neither tumor stage nor histologic grading was associated with high CRP levels. The fact, that CRP serum levels were only associated with the tumor size but not with other clinico-pathological parameters underlines the hypothesis, that CRP might provide additional prognostic information and does not only reflect other established prognostic parameters. CRP seems to represent biologically aggressive tumors with impaired prognosis independent of tumor stage and tumor aggressiveness (tumor differentiation) [7] .
We think that our findings are interesting from a clinical standpoint and seem biologically plausible. Undoubtedly, the results found in our retrospective study need to be confirmed in future studies. If this was the case, CRP serum levels could be clinically valuable as novel prognostic parameter for ULMS and used for individual risk assessment, patient counselling, and for stratification of patients in future clinical trials. Overall, the clinical consequences of our findings remain to be determined. Whether the inflammatory reaction, which is reflected by increased CRP serum levels, can be treated with anti-inflammatory drugs in order to improve prognosis-as investigated in other solid tumors, such as colorectal cancer-is unclear to date [25] .
Several potential limitations of this study have to be recognized when interpreting its results. This is a retrospective study including patients from a relatively long treatment period and different centres. Certainly, the medical care of patients with ULMS has changed within the last years and the influence of this change was beyond the scope of this retrospective trial. Further, the number of patients included to this study is relatively small. On the other hand, ULMS is an orphan disease and this is the first study that evaluated pre-therapeutic CRP serum levels as prognostic factor in this population.
At present, CRP is widely used in clinical routine to monitor acute and chronic inflammation and is a cost-effective and readily available prognostic parameter. Especially in the lack of reliable prognostic serum parameters for women diagnosed with ULMS, CRP serum levels might be clinically useful.
In conclusion we present CRP serum levels as a novel independent prognostic parameter in women diagnosed with ULMS, a rare cancer type vastly distinctive from both epithelial gynaecologic malignancies and other STS. Validation of our results in future trials is warranted.
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